ABSTRACT-Myxosporean emaciation disease of cultured red sea bream Pagrus major and spotted knifejaw Oplegnathus punctatus has recently occurred in Japan. Morphological features and molecular analysis of SSU rDNA indicated that myxozoans from the intestine of affected fishes were identified as Enteromyxum leei, one of the causative organisms of the emaciation disease of tiger puffer Takifugu rubripes. A one-year periodic examination of E. leei infection in cultured red sea bream revealed that cumulative mortalities reached about 10% during the first summer, but surviving fish were not infected in the following year. Experimental transmission of E. leei from infected tiger puffer to naive red sea bream was achieved by both cohabitation with infected fish and exposure to effluent from a tank containing infected fish. This study suggests that fish-to-fish transmission occurs among different fish species in culture fields.
Since the mid-1990s, myxosporean emaciation disease caused by enteric myxozoans Enteromyxum leei and Leptotheca fugu has been a serious problem in Japanese farmed tiger puffer Takifugu rubripes (Tin Tun et al., 2000) . In Mediterranean countries, it was documented that E. leei is highly pathogenic and transmissible to a wide range of fish species (Padrós et al., 2001) . Also in Japan, epidemic of E. leei has recently occurred in cultured Japanese flounder Paralichthys olivaceus (Yasuda et al., 2005) . More recently, a similar disease has been noticed in cultured red sea bream Pagrus major and spotted knifejaw Oplegnathus punctatus (Japanese common name, ishigakidai) in Kagoshima Prefecture, Japan. In the present study, we attempted the specific identification for the causative organism by morphological and molecular analyses. We also conducted a field examination of the disease in red sea bream and the experimental transmission of the parasite from tiger puffer to red sea bream.
Materials and Methods

Morphological and molecular analyses of the parasite
Emaciated red sea bream (0-year old; mean body weight, 57.6 g) and spotted knifejaw (0-year old; mean body weight, 35.0 g) were obtained from different commercial fish farms in Kagoshima Prefecture in February 2003 and October 2002, respectively. Fish were dissected and the gut tissues were excised. Imprint slides of the intestinal mucosa were prepared for each fish, airdried and stained with Diff-Quik (International Reagents), followed by microscopic observation. Pieces of the gut tissues were fixed in 10% formalin and processed by routine histology. Five-mm paraffin sections were stained with Uvitex 2B (Ciba Geigy) and hematoxylineosin (H & E) and observed under a light microscope (Yokoyama et al., 1996) . Parasite DNAs were extracted from the intestinal mucosa of heavily infected fish using QIAamp DNA mini kit (Qiagen). Small subunit ribosomal RNA genes (SSU rDNA) of the parasites were amplified by PCR using the primers MM18Sf (5¢-CTGGTTGATTCTGCCAGTGGTC-3¢) and MM18Sr (5¢-CGGTACTAGCGACGGGCG-3¢) (Palenzuela et al., 2002) . Amplified DNAs were sequenced using DNA cloning as reported previously (Yanagida et al., 2004) .
Field investigation of the disease in cultured red sea bream A periodic investigation for E. leei was conducted in two farms of red sea bream (Farm A and B) in Mie Prefecture. Juvenile red sea bream were transferred from a hatchery in western Japan to the farms in May 2006. As early as one to two months after the introduction of the juveniles, the myxosporean emaciation disease was found in both farms. Subsequently, twenty fish were randomly sampled and examined for E. leei bimonthly from August 2006 to August 2007 (from 0-year old to 1-year old) by microscopic observations and PCR tests (Yanagida et al., 2005) . At the initial samplings in August 2006, mean fork lengths and mean body weights were 17.4 cm and 118.2 g for fish in Farm A, and 17.7 cm and 133.4 g for fish in Farm B, respectively. During the surveys, dead fish were counted to estimate the mortality caused by the emaciation disease.
Experimental transmission
Two sets of transmission experiments of E. leei to naive red sea bream (average body weight, 120 g) were carried out, i.e., cohabitation and effluent transmission. Fifteen naive red sea bream were reared in a 2.5 kL tank containing 15 tiger puffer (average body weight, 240 g) infected with E. leei. Another 15 naive red sea bream were placed in a 1 kL tank receiving effluent discharged from the tank of the cohabitation experiment. Before the start of the experiments, the parasite infection in the donor fish (the 15 tiger puffer) was examined by PCRbased non-lethal detection method using swabs (Yanagida et al., 2005) , showing that prevalence of infection with E. leei and E. fugu were 60% and 67%, respectively. As a negative control, 15 unexposed red sea bream were held in a 1 kL tank supplied with sand filtrated seawater. All fish were reared at 21∞C and daily fed commercial pellet. Following samplings of the fish at 42 and 70 days post-exposure, parasites were examined by microscopic observations of tissue imprints and histological sections of the intestinal mucosa and by a PCR-based lethal diagnostic method (Yanagida et al., 2005) .
Results and Discussion
Parasite identification
Affected red sea bream and spotted knifejaw exhibited typical bony ridges on the head and depressed body surface, possibly due to dehydration (Figs. 1 and 2) , as suggested in tiger puffer (Ishimatsu et al., 2007) . Mucous liquid in the digestive tract was observed, with pale internal organs and occasionally green liver. Numerous myxozoan developmental stages with the characteristic "cell-in-cell" pattern, were detected in intestinal imprints (Fig. 3) . Histological observations showed that myxozoans developed intercellulary in the intestinal epithelium and that hyperplasia of the gut epithelium was extensively observed (Fig. 4) . Destruction and exfoliation of the intestinal epithelia associated with the parasite development were evident. These developmental stages were positive for Uvitex 2B staining. Fresh spores obtained from affected spotted knifejaw were slightly crescent-shaped and polar capsules were elongated, tapered to their distal sides and opening at the ends of the spore. Measurements of the spores were as follows; spore length (n = 10), 14.9 ± 0.7 (13.9-15.8) mm; spore width (n = 10), 9.2 ± 1.0 (7.3-10.4) mm; polar capsule length (n = 18), 6.9 ± 0.6 (6.1-15.7.8) mm; polar capsule width (n = 18), 2.8 ± 0.3 (2.4-3.4) mm. The resulting data of both myxozoans from red sea bream and spotted knifejaw were consistent with those of E. leei. Enteromyxum fugu and Leptotheca fugu were not detected from any of the fishes. SSU rDNA analysis also supported the parasite's identification
Figs. 1-2. Myxosporean emaciation disease of cultured marine fishes. Red sea bream (Fig. 1) ; Spotted knifejaw (Fig. 2) . Bars = 5 cm.
based on the morphological studies. Partial SSU rDNA sequences of 1588 bp were obtained from both red sea bream (GenBank accession number; AB243447) and spotted knifejaw (DQ139796). These sequences shared 100% identity to that of E. leei from tiger puffer (AY520574). Thus, the present species parasitizing both fishes were clearly identified as E. leei. This is the first report of E. leei infection in Japanese fish farms of red sea bream and spotted knifejaw, although Le Breton and Marques (1995) described the occurrence of E. leei in cultured red sea bream in Greece. Compared with the sequence of E. leei from sharpsnout sea bream Diplodus puntazzo (AF411334) in Greece, there is a consistent deletion of one adenine base (position 169 of AF411334) in Japanese E. leei. This single adenine deletion was also reported in E. leei from Japanese flounder (Yasuda et al., 2005) . These results suggest the existence of 'Mediterranean isolate' and 'Japanese isolate' among E. leei. However, further epizootiological studies (e.g., molecular analysis of more variable gene regions, such as the intergenic transcribed spacers) would be required to support these findings and to answer questions such as how and when this parasite spread into these geographically separated areas.
Field investigation of E. leei infection in cultured red sea bream
The chronic mortalities due to the myxosporean emaciation disease occurred between July 2006 and October 2006, when the cumulative mortalities reached at 9.7% and 9.1% in Farm A and B, respectively. Prevalence of infection with E. leei was 35% in both farms in August 2006, then gradually decreased and fell into 0% in winter (Fig. 5) . Myxosporean emaciation disease and E. leei infection were not found in the following year even when the temperature increased above 20∞C. These results indicate that lightly or moderately infected fish may be recovered after heavily infected fish died, and that the disease does not recur in the surviving fish in the next year. This appears to contradict the previous observations (Yasuda et al., 2005; Yanagida et al., 2006) , which found a re-emergence of E. leei in tiger puffer following increase of water temperature (>20∞C). Difference in possible latent infection of E. leei during the low water temperature period between different fish species needs to be addressed in future studies.
Figs. 3-4. Developmental stages of Enteromyxum leei
(arrows) in the intestine of red sea bream. A tissue imprint stained by Diff-Quik (Fig. 3) . Bar = 20 mm. A histological section stained by Uvitex 2B-H & E (Fig. 4) . Bar = 50 mm. Experimental transmission of E. leei to red sea bream At 42 days post-exposure, neither E. leei nor E. fugu was observed in any of fish examined (Table 1 ). E. leei was detected at 70 days post-exposure by both cohabitation and exposure to effluent from a tank containing infected tiger puffer, while E. fugu was not found from any groups. All negative controls remained uninfected. These results suggest that E. leei can spread from tiger puffer to red sea bream in culture fields, where these fishes are often farmed in neighboring sea cages.
Conversely, E. fugu failed to transmit in the present study. However, Yanagida et al. (2004) demonstrated that red sea bream was infected with E. fugu by feeding the gut tissues of infected tiger puffer. It is not obvious why this inconsistency of the results occurred, but it might be caused by the difference in the infection method. Infection routes of E. fugu remain to be investigated. 
